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Topological representations for the intramolecular isomerizations of octahedral complexes are 
given. The number of dimensions which have to be used for this description depends on the com- 
plexity of the chemical system and becomes too great for some of the most general cases to be useful in 
practice. Therefore, another model is given, where the chemical transformations are represented by 
permutations of structures located at the edges of triangular faces of a hypertetrahedron. 

Fiir die intramolekulare Isomerisierung oktaedrischer Komplexe werden topologische Dar- 
stellungen angegeben. Die zur Beschreibung notwendige Dimension wird flit kompliziertere chemische 
Systeme zu grog, um yon praktischem Nutzen zu sein. Deshalb wird ein anderes Modell beschrieben, 
bei dem die chemischen Umwandlungen durch Permutationen von Strukturen dargestellt werden, die 
an den Ecken yon Dreiecksseiten eines Hypertetraeders lokalisiert sind. 

Repr6sentations topologiques pour les isom6risations intramol6culaires des complexes octah6dri- 
ques. Le nombre de dimensions n~cessaires 5~ cette description d6pend de la complexit6 du syst~me 
chimique et devient trop grande pour certains des cas les plus g6n6raux pour 6tre utile en pratique. 
Cependant, on donne un autre mod61e o/~ les transformations chimiques sont repr6sent6es par des 
permutations de structures plac6es aux ar6tes des faces triangulaires d'un hypert6tra+dre. 

Muet te r t i es  [2]  has  descr ibed  a topo log ica l  r epresen ta t ion  for the inter-  
convers ions  of  a given oc t ahedra l  complex  ML61, in to  its 29 o ther  poss ible  
isomers.  The  t r igonal  twist  used as reac t ion  p a t h w a y  goes th rough  t r igonal  
p r i smat ic  in te rmedia tes  o r  t r ans i t ion  states [3].  This  au tho r  suggests the use of a 
d o d e c a h e d r o n  with edge midpo in t s  and  lines connec t ing  ad jacent  a n d  non 
ad jacent  edge midpo in t s  in each pen t agona l  face respect ively to represent  the  30 
complexes  and  the 120 t r igona l  p r i smat ic  in te rmedia tes  or  t rans i t ion  states. 

W e  wish to in t roduce  a series of  represen ta t ions  for some s impler  systems, to 
show how these represen ta t ions  evolve when the complex i ty  of the system is 
progressively,  increased,  and  to ex t r apo la t e  these results  to  the genera l  case. 

Numbering Convention and Description of the Trigonal Twists 

The number ing  conven t ion  will be tha t  ou t l ined  by  Muet ter t ies  [4] :  first one 
gives the three l igands  which define the t r i angula r  face which has the lowest  number ,  
going c lockwise  when the face is d i rec ted  t owa rds  the observer ;  then one writes 

* For part XII, see Ref. [1]. 
** Aspirant of the <<Fonds National de la Recherche Scientifique>> (F.N.R.S.). 

1 ML6, denotes a metal M surrounded by six ligands which can be distinguished. 
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the other three substituents, beginning with the ligand which is located at the 
right of the first one, and turning clockwise again. 

The enantiomer of a given isomer is obtained 
by a permutation of the third and fourth digits: 
the optical antipode of 123,456(O) is thus 
124,356 (O). 

It is also important to describe the possible 
intermediate complexes or transition states. For 
these trigonal prisms [4], the convention is the 
same as that for the trigonal antiprisms (or 

octahedra undergoing a trigonal twist), starting the numbering of the second face 
with the ligand which is located above the ligand cited first on the first face. The 

: 2 

\3/ 
letter P is written before the symbol of prismatic structure to 
distinguish between prisms and octahedra will be denoted 
P 123,645 and its enantiomorph is obtained by the permutation 
of the last two figures 2 of each triangular face, thus P 132,654. 

Rotations of triangular faces in the octahedron, called RC3 
by Muetterties [2], transform, one isomer into eight other ones. 
The isomers obtained from (O)= 123,456 by the eight possible 
trigonal "Bailar-type" (3) twists 3 are thus 

(1)= 123,645; (2)= 123,564; (3)= 125,463; (4)= 126,435, 
(5) = 136,425; (6)= 125,643; (7)= 126,534 and (8)= 135,426. 

Description of Some Tris-Chelate Systems 

The simplest complex possessing three bidentate ligands, 111,111, is described 
as follows 

A, I,A ,^ A = ]11,111 A =  11l;111 

Fig. 1 I = P l l l , l l ,1  A = P l l ! , 1 1 ! .  

For 112,222, one has 

A, I,A,B 

Fig. 2 

,A 

F"~r = 112,222, A_-112,s 
r'-'31 i 

I = P  2 A = P 112,222. 

r - - 1  
B = P 122,122 k-..A k._.A 

2 When the first two figures of the first face are identical, one uses a permutation of these two 
figures and of the first two of the second face. In some special cases, one has to permute the two faces 
(P 124, 123 -~ P 123, 124 or P 123, 132 -~ P 132, 123). Sometimes, it is necessary to re-number the system 
after this operation (P 124, 231 -~ P231, 124 ~ P 123, 412 or P 123, 241 -~ P241, 123 ~ P 124, 312). 

3 The description given here for the isomerization is also valid for systems racemizing through 
the Ray and Dutt rhombic twist [3], which gives the same octahedral reaction products and prismatic 
intermediates as the Bailar twist used in this paper. 
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The  system 123,333 m a y  also be described by an ana logous  one-dimensional  
representa t ion 

A, I,A,,~, 8 ,A 

Fig. 3 

, ~ r - - 1  

A = 1L_223,333 "" A = 1 j23,333 

I = P 1 3 ~ 3 ,  B = P 1~-~,2~-~ 
q I 

a = P 132,333, k A = P 123,333. 

l " - - l I ' - ' ~  
The  case 112,323 will be examined later on. 

The  111,222 tris-(1-2)-chelate system has four isomers  [5] and a two-dimen-  
sional representa t ion is needed. The  te t rahedron  suggested by Muetter t ies  [2] 
is however  not  necessary;  a square  is sufficient, and is even more  suited, as will be 
seen later. 

^C A TRANS 

[2.A,,~. 

A CIS ATRANS 
Fig. 4 

Acis= 111,222 Acis= 1,11,222 

11 :p 2 
I '1 

I2 = e1,12,221 x =  e,lE,2  

B = P ]-~, ,12r---~ / ~ =  P 112,212. 
I ~ . . , a  II I 

r ~  r ' - - - - 3  

The 123,434, case will be described later, bu t  m a y  also be represented by such 

a square b i -dimensional  representat ion.  

~ 5  case is more  compl ica ted:  eight isomers  are found and a The  three- 

dimensional  cubic representa t ion  (or its two-dimens ional  project ion:  see Fig. 5) 
must  be used. 

^2 D A4 

Î- E F 

A21 

A3 

Fig. 5 

A1 

A 1 = 123,545 11 = P 135,245 

A 1 = 125,345 12 = P 154,253 

A 2 = 125,453 A = P 152,354 

A z = 124,553 B = P 125,435 

A 3 = 124,535 C = P 155,234 

A 3 = 125,435 D = P 143,255 

Zig = 125,354 E = P 124,553 

A 4 = 123,554 F = P 132,545 
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7 " 3  f " - - " - 3  

The most general tris-chelate system 123,645 is formed by sixteen isomers 

and has been described by Muetterties [-2] by a four-dimension hypercube. 
Thus one sees that, the more complicated the system, the more dimensions 

are needed for a topological description of the possible isomers and interconver- 
sions. 

Description of Certain Other Systems 

Another way to increase the number  of structures and rearrangement path- 
ways is to decrease the number  of interligand bonds in a given system. 

~ 4  exists under four different forms and the following The tris-chelate 
topological description of the possible intramolecular rearrangements may be 
given (see Fig. 6). 

kf.R H,I,J 

m 
C2 M C2 

G cl 
Fig. 6 

C2( = A2) = 112,342 

C1( = A1) = 112,432 

H =  P 112,432 

I = P 124,123 

J = P 122,134 

M =  P 113,224 

m 

C 2 = 112,324 

C1 = 112,423 

H =  P 112,342 

1 =  P123,124 

] - =  P122,143 

G = P 114,223 

Two other bis-chelate systems (112,324) give racemization paths which may 
be described by a square pyramid or its two-dimensional projection 

112,324 112,324 
I iI t t - . . 2  t 

J.I) 

C1 

2 

HIJ 

C1 

C2 C2 

J,I.H 

C1 

Z L 

Fig. 7 a Fig. 7 b 

H.I.J 

T 3 = 113,422 (see also Fig. 6) 

L = P 113,422, L = P 113,242, 

F = P 114,322, F = P 114,232, 

T e = 112,234 

N = P 112,234, 

E = P 112,243, 

-N = P 112,324, 

E = P 112,423. 
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T2 

E]w" G wC1 

Fig. 8 (see Figs. 6 and 7) 

For the 72 ,234 mono-chelate system, there are 
six possible isomers and a tridimensional descrip- 
tion of the interconversion paths is needed (see 
Fig. 8): 

The three-dimensional projection of a five- 
dimensional tetrahedron is also a description of 
the system, if two vertices are excluded (~ .~ ,  
and C1 ~ C2; vide infra). 

The complex without any chelating group 
112,234 gives eight isomeric forms and the topo- 
logical representation of the possible intercon- 

version paths may be the three-dimensional projection of a seven-dimensional 
tetrahedron (see Fig. 9), which is however not convenient in practice. 

T.,~_.,zL L . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,:.~,T1 

i ~  - K  

Fig. 9 (see Figs. 6 and 7) 

Tx = 122,314 T =  123,412 

A = P 124,231 .4 = P 123,412 

B = P 123,241 B = P 124,312 

D -- P 122,413 D = P122,431 

K = P122,314 1~ = P122,341 

q~ = P 132,241 ~ =  P 123,214 

P = P 132,412 P = P 123,421 

/~~ A,B. I,@ 

Fig. 10 

,A 

T1 

Fig. 11 (see Fig. 10) 

Another analogous system is the 112,323 one. 

With three chelates, there are two possible iso- 

mers, A(~3-~23) and A ( ~ 3 " ~ )  and four different 

transition states or intermediates (I--P123,123; 
A = P 112,332; B = P 113,223 and ~b = P 122,133). 

A one-dimension graph is thus sufficient to 
describe the possible isomerizations. 

With only two chelates [6], three isomers are 
to be taken into account [5]: 

T~ = 1~,~-~ 

R = P 122,313 

/~ = P 122,331 

With one chelating group, there are four different isomers [5] and the situation 
becomes complicated enough to need a three-dimensional topological represen- 
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tation 

T2 

D.D 

Fig. 12 (see Figs. 10 and 11) 

T 2 = 112,233 

E = P 112,233 

E = P 112,323 

D -= P 132,231 

/5 = P 123,213 

Here again, the number  of dimensions which 
have to be used to describe the complete set of iso- 
merizations of hexacoordinate structures depends on 
the number  of isomers found in a particular system. 
A one-dimensional description is sufficient for a 
112,233 tris-chelate; a two-dimensional graph is nec- 
essary for the 112,233 bis-chelate and a three-dimen- 

sional tetrahedron is needed for the mono-chelate system. The same system, 
without any chelate, is described by six different isomers [-5] and a five-dimensional 
tetrahedron must be used (see Fig. 13). 

12 

~E 

r~ 

T =  123,312 

T 3 = 113,322 

S S = P 123,231 

S =  P 123,312 

\ M = P 113,322 

\ s 2~ = P 113,232 

K = P 123,321 

t~ = P 132,312 

L -- P 123,132 

L = P 132,123 Fig. 13 (see Figs. 10, 11 and 12) 

Description of Some Non-Chelate Systems 

Some other non-chelate systems have been examined, in order to see whether 
an increasing complexity is reflected in a higher dimensional graph. 

The simplest system is 111,123 (which is analogous to the 111,122 system [53) 

A.IQ)c a,w 

Fig. 14 

C = 111,123 

T =  112,311 

A = P 111,123 

I = Pl12,113 

B = Pl12,311 

= P 112,131 
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The 111 ;222 system is not  more  complicated 

120 T c011 
Fig. 15 

C = 111,222 

T =  112,212 

I 1 = P 111,222 

I2 = P 1 i2,221 

B = P 112,122 

= P 112,212 

A one-dimensional  graph is thus sufficient in these cases. 
A two-dimensional  representat ion is needed for 111,223, which exists under 

three isomeric forms [-5] 

C = 111,223 T1 = 113,212 

T 2 = 112,213 

11. .A A = P 112,123 A =  P 112,213 

~ c  B = P l12 ,132  B =  Pl12 ,312  

D = P l13 ,122  /5 = P 113,212 
B,B,D,D 

11 = P 112,231 ffa = Pl12,321 
12 13 

Fig. 16 12 = P 113,221 13 = P 111,223 

A four-dimensional  te t rahedron (or a tr igonal bipyramid) is necessary to 
describe the isomerizations of 111,234 (see Fig. 17). 

~ D . 6  C = 111,234 A = P 111,234 

c ( 7=  111,243 B = P 113,412 

F.~ T z = 113,412 q5 = P 113,124 

r~ T3 = 112,413 D = P 114;213 

' T 4 = 113,214 E = P 114,132 

K ~ \  F = P 112,314 

G = P 112,143 

H = P 114,231 
3 

J = P 112,341 
Fig. 17 

K = P 113,241 

The general description of  the n possible stereoisomers in octahedral  species 
may  thus be given by a hyper te t rahedron in a n - 1-dimensional space projected 
into a three-dimensional  one. 
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For the most general and most complicated six-coordinate system (123,456) 
[2], there are no less than 30 different isomers (15 pairs of enantiomorphs), which 
means that a 29-dimensional tetrahedron might be used which has to be projected 
26 times in order to be reduced to a three-dimensional space. From each point, 
one then theoretically might go to 29 other points if all the paths were equivalent 
[2]. We have said that it is only possible to transform, by RC3 rotations [2] of 
triangular faces in the octahedron, one isomer into eight other ones and possibly, 
an eight-dimensional graph might then be sufficient to represent this system 
topologically. 

The general description of the possible isomerizations of 123,456 (O) (see w 2) 
are given below 

---*1 
--*2 
4 3  
---+4 

O _  
---~5 
4 6  
4 7  
4--, 8 

Furthermore, one has 

9 
10 
11 
12 
13 
14 

~0,2,3,5,7,9,10,11 
~0,1,4,6,8,9,10,11 
~0,4,1,5,7,10,12,13 
,0 ,3 ,2 ,6 ,8 ,10,12,13 

,0,6,  1,3,7, 11, 13, 14 
) 0, 5, 2,4, 8, 11, 13;14 
,0 ,8 ,1 ,3 ,5 ,9 ,12 ,14  
,0 ,7 ,2 ,4 ,6 ,9 ,12 ,14  

where 

9 = 124,653 
10 - 135,624 
11 - 125,436 

12 _= 125,346 
13 = 123,654 
14 = 123,465 

1,2,7,8, 10, 11, 12, 14 
1, 2, 3, 4, 9, 11, 12, 13 
1,2,5,6,9,10,13,14 
3, 4, 7, 8, 9, 10, 13, 14 
3, 4, 5, 6, 10, 11, 12, 14 
5,6,7,8,9,11,12,13 

Actually, a five-dimensional tetrahedron may be used to describe these 
isomerizations, if one places two enantiomorphs on one edge (see Fig. 18a) and 
if all the permitted one-step transformations starting from one isomer are re- 
presented by the rotations of each of the 4 triangular faces which contain the edge 
bearing that isomer (see Fig. 18b) (one face necessarily contains six different 

12 12 

Fig. 18 
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points  for this general  systems). This representa t ion is not a topological  one for 
the reason that the chemical t ransformat ions  are described by permuta t ions  of 
the different isomers th rough a ro ta t ion  of the faces. In order to get a topological  
description, one should draw lines connect ing  the isomers obta ined  from every 
one (see Fig. 18c, only eight of the 120 lines have been shown), but  this would 
render  the graph rather  useless so that  we prefer the first representat ion.  

Some of the systems which are described here are being studied experimentally.  
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